Breast Care patients younger than 50 years of 12%, and of endocrine therapy of 12%, as well as for patients older than 50 years with endocrine-responsive disease, with regard to disease-free survival with a follow-up time of 15 years [1] . In HER2/neu-overexpressing breast cancer there is an even larger benefit for patients treated with adjuvant chemotherapy in combination with the antibody trastuzumab (approximately 43% less relapses in comparison to polychemotherapy alone [2] 
Introduction
In the majority of primary breast cancer patients, surgical tumor excision is the first step of tumor therapy as surgical excision has the largest impact on local tumor control. However, both surgery and radiation therapy are local treatments and do not consider the systemic component of the disease. Therefore, systemic medical therapies are required to further improve the patient's prognosis with regard to disease-free and overall survival. Chemotherapy and endocrine treatment have both shown an improvement in disease-free and overall survival. The Early Breast Cancer Trialists' Collaborative Group has found an advantage of polychemotherapy for Schuetz bine should not be used as standard treatment in early breast cancer. It is important to keep in mind that only the recommended dosages promise a maximum benefit for treated patients (Level of Evidence (LoE) 1a).
Anthracycline-Based Regimens
Anthracyclines have proven to be the basic agents of an adjuvant polychemotherapy [5] . They can be combined with cyclophosphamide, 5-fluorouracil, paclitaxel, and docetaxel. The cumulative dosage has to be 20 mg/m 2 per week for doxorubicin and higher than 30 mg/m 2 per week for epirubicin. Anthracycline-based, taxane-free regimens like the French FEC (6 cycles of 5-fluorouracil, epirubicin 100 mg/m 2 , cyclophosphamide; q3w) or the Canadian CEF (6 cycles of cyclophosphamide, epirubicin 120 mg/m 2 , 5-fluorouracil; q3w) are indicated mainly in node-negative disease with no or only a few risk factors (proliferation indices, uPA, PAI-1, lymphangiosis, and hemangiosis carcinomatosa).
Taxane-Based Regimens
Combination chemotherapy with taxanes [5] has shown advantages in disease-free and overall survival in node-positive breast cancer (LoE 1a, GR A) [13] . However, patients with node-negative breast cancer plus additional risk factors like high-grade tumors may also benefit from taxane-based chemotherapy (LoE 2b, GR B) [14] . The optimum schedule seems to be a weekly application of paclitaxel (80 mg/m 2 ) or a 3-weekly one of docetaxel (100 mg/m 2 ) [15] . The AGO guidelines recommend the following schedules: -6 cycles of docetaxel 75 mg/m 2 , doxorubicin 50 mg/m 2 , cyclophosphamide, q3w -3 cycles of 5-fluorouracil, epirubicin 100 mg/m 2 , cyclophosphamide, q3w; followed by 3 cycles of docetaxel 100 mg/m 2 (q3w) -3 cycles of epirubicin 90 mg/m 2 or doxorubicin 60 mg/m 2 , cyclophosphamide, q3w; followed by 3 cycles of docetaxel 100 mg/m 2 (q3w) or 3 cycles of paclitaxel 80 mg/m 2 (q1w) Although some anthracycline-free regimens have shown some efficacy, they should not be taken as standard because the control regimens within the trials were insufficient [16] .
Dose-Dense and Dose-Escalated Chemotherapy
For primary breast cancer patients with nodal involvement (> 4 affected lymph nodes) and consecutive extremely high risk of relapse, a dose-dense and dose-escalated chemotherapy can be of benefit in comparison to the standard regimen [17] . Both disease-free and overall survival were significantly improved after 3 cycles of epirubicin (150 mg/m 2 , q2w) followed by 3 cycles of paclitaxel (225 mg/m 2 , q2w) and 3 cycles of cyclophosphamide (2500 mg/m 2 , q2w), in comparison to 4 cycles of epirubicin/cyclophosphamide (90 mg/m 2 , 600 mg/ m 2 , q3w) followed by 4 cycles of paclitaxel (175 mg/m 2 , q3w). However, the hematological toxicity was more severe in those patients and therefore only experienced centers should use
Predicitve Factors
International guidelines -such as those of the National Comprehensive Cancer Network (USA) [3], the St. Gallen Consensus Meeting (Europe/USA) [4] , and the 'Arbeitsgemeinschaft für Gynäkologische Onkologie' (AGO, Germany) [5] -recommend the treatment of breast cancer patients according to tumor biology and not relating to tumor stage. Unfortunately, there are only a few predictive factors for defining breast cancer therapy: the presence of the estrogen receptor (ER)a and the progesterone receptor (PgR) for indicating endocrine therapy; the menopausal status for indicating ovarian ablation (premenopausal) and aromatase inhibitor therapy (postmenopausal); HER2/neu overexpression for indicating trastuzumab therapy. As you may have noted there is no predictive factor available that indicates the use of chemotherapy, although some factors are under clinical investigation, like urokinase-type plasminogen activator/plasminogen activator inhibitor type 1 (uPA/PAI-1) [6] and gene expression profiles (Oncotype DX ® , Genomic Health, Redwood City, CA, USA [7] , MammaPrint ® , Trommsdorff GmbH & Co. KG, Alsdorf, Germany [8] ). However, until now, only retrospective data about gene expression profiles are available which promise an excellent differentiation of a special subset of patients who do not benefit from chemotherapy. Unfortunately, in these trials there is also a large subgroup of patients with an unknown risk situation in which recommendations about chemotherapy can hardly be given. uPA and PAI-1 have both shown predictive value in a prospective German trial regarding the decision whether to recommend cyclophosphamide/methotrexate/5-fluorouracil (CMF) chemotherapy to optimize disease-free survival [9] . These data are reviewed in a larger trial with an even more effective chemotherapy regimen (Node-Negative Breast Cancer (NNBC)-3; not yet published).
Since there is a lack of targets in triple-negative breast cancer so far, chemotherapy is indicated as the only possible way of medical treatment in a patient cohort with bad prognosis [10] .
Chemotherapy
Chemotherapy is indicated in patients with a high risk of relapse, as in patients with triple-negative, HER2/neu-like and luminal-B tumors with high proliferation indices [5] . In primary breast cancer, anthracyclines and taxanes have been shown to be the most effective agents in multiple trials. However, the old CMF regimen may still be an option in elderly patients [5] . The effort to optimize cytostatic treatment by including capecitabine did not show conclusive results [11] . On the one hand, capecitabine may be of benefit in extended disease [12] . On the other hand, it induces severe toxicity leading to a higher discontinuation rate. Therefore, capecitaBreast Care 2011;6:179-183
Adjuvant Systemic Therapy of Breast Cancer 181 oldest endocrine strategy is surgical ovarian ablation in premenopausal patients. However, this strategy should not be called standard of care any more, although in patients with hereditary breast cancer salpingo-ovariectomy can still be reasonable.
Whom Do We Have to Treat?
According to international guidelines, patients should be treated with endocrine therapy if ERs are expressed in more than 10% of the tumor cells. This immunohistological examination of tumor cells is still the gold standard, with false-negative results < 5%, at least in countries using a standardized quality program. However, in the near future there will be a change toward tumor cell genotyping in the analysis of tumor cell responsiveness to endocrine therapy.
What Is the Optimum Treatment Strategy?
Tamoxifen as a 'selective estrogen receptor modulator' (SERM) binds to ERs as well as to PgRs in hormone receptor-positive cells. In some of these cells, it has an inhibitory action (e.g. breast cancer cells), but in others it shows stimulatory effects. Aromatase inhibitors represent an important advance in endocrine therapy of breast cancer. The oral agents ananstrozole, letrozole, and exemestane are of comparable antitumor efficacy with similar side effects [25] . Aromatase inhibitors are strictly restricted to postmenopausal patients as they can stimulate ovarian hormonal activity. Although cytochrome P450 2D6 (CYP2D6) polymorphism seems to be a predictor for defining endocrine treatment strategy [26] , in this respect a recent metaanalysis did not show any beneficial effect [27] . In premenopausal women, tamoxifen is the agent of choice to treat endocrine-responsive primary breast cancer over a time period of 5 years. In high-risk patients younger than 40 years, an additional medical ovarian ablation (e.g. goserelin) after chemotherapy may be reasonable for optimizing disease-free survival. However, in patients older than 40 years, ovarian ablation may not be of benefit [5] . In lowto medium-risk patients without a need of chemotherapy, ovarian ablation may be beneficial, especially in patients with high ER expression [28] .
In postmenopausal patients, a tamoxifen monotherapy for 5 years is not standard of care anymore, but may still be indicated in patients with contraindications against aromatase inhibitors [29] . Sequential treatment with tamoxifen and an aromatase inhibitor seems to be the optimum strategy, by balancing risks and benefits for the patients. The classic switch of 2-year tamoxifen to an aromatase inhibitor has been well investigated in several trials [29] . However, in node-positive patients, it seems reasonable to start with an aromatase inhibitor for 2 years and then to switch to tamoxifen for another 3 years according to the Breast International Group (BIG) 1-98 trial [30] . A 5-year treatment with aromatase inhibitors is reasonable particularly in patients in whom tamoxifen is this regimen. Other dose-dense regimens were also able to show superiority in comparison to the standard treatment and may be chosen in node-positive disease (doxorubicin + cyclophosphamide (AC) = > dd paclitaxel q1w × 12 [18] ; ddE120C830, q2w × 6 = > paclitaxel, q3w × 4 [19] ).
Side Effects and Supportive Therapy
The most severe toxicity of anthracyclines is their negative effect on heart muscle cells, leading to a reduction of the left ventricular ejection fraction. Therefore, clinical and ultrasound examinations should be done before and after chemotherapy [20] . Anthracycline-free combinations (e.g. taxanes/ cyclophosphamide) have shown effectivity but were unfortunately tested against suboptimal regimens.
Taxanes have 2 main side effects. First, their hematological toxicity may require supportive treatment with colony growth-stimulating factors. Second, their neurologic toxicity may cause polyneuropathy, which is a side effect that can hardly be treated [21] .
Neoadjuvant (Primary) Chemotherapy
In large tumors that cannot be treated by surgical procedure, it is reasonable to do chemotherapy first to reduce the tumor size and, subsequently, to allow surgical treatment. In the National Surgical Adjuvant Breast and Bowel Project (NSABP) B18 trial, it was shown that there is no difference regarding disease-free and overall survival if chemotherapy is applied before or after surgery [22] . Especially high-grade tumors with negative ER/PgR status seem to benefit from neoadjuvant chemotherapy. In neoadjuvant chemotherapy, the same regimens as in the adjuvant setting should be used [23] .
Nowadays, neoadjuvant chemotherapy is also employed in clinical trials to observe the efficacy of new agents by evaluating the completeness of histologic remission as a surrogate marker for overall survival.
Endocrine Treatment
In ER-positive breast cancer, tumor cells proliferate upon activation by estrogens. Estrogens bind to the cytoplasmatic ERa, leading to dimerization of ERs. Activated dimerization complexes enter the nucleus and activate ER-related genes, leading to tumor cell proliferation. However, in addition to this genomic effect, ERs seem to influence other molecular pathways like epidermal growth factor receptor (EGFR) signaling, which can induce tumor cell proliferation [24] . Whether EGFR pathways are the major mechanism of endocrine resistance is investigated in some new treatment strategies combining endocrine treatment with inhibitors of EGFR pathways to overcome endocrine resistance (e.g. mammalian target of rapamycin (mTOR) inhibitors).
Endocrine therapy is one of the most successful systemic therapies in ER-positive breast cancer. In this context, the
Open Questions
Admittedly, although we have made some important advances in treating breast cancer systemically, some open questions still remain: -Are anthracycline-free regimens comparable to anthracycline-containing ones? -Is there a possibility of protecting the heart against the negative effects of anthracyclines? -Who benefits most from endocrine treatment? -How can we treat endocrine resistance? -Is a longer time period of endocrine treatment with aromatase inhibitors reasonable in patients who already received aromatase inhibitors in the previous 5 years? Many trials have already been done and maybe we can answer some of the above questions by having a closer look into these trials. However, in the future, targeted systemic treatment of breast cancer according to defined predictive factors will be the key to optimize overall survival step by step.
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contraindicated, although it is accompanied by several toxicities like 'cancer therapy-induced osteoporosis' and myalgia/ arthralgia [5] .
What is the Optimum Duration of Endocrine Treatment?
The reason why endocrine treatment should last 5 years is based on older studies of tamoxifen administration. In these trials, a longer tamoxifen treatment resulted in a significantly better breast cancer-specific survival but showed markedly increased side effects, like a higher incidence of endometrial cancer and thromboembolic events [31] .
On the other hand, an extended endocrine treatment with aromatase inhibitors after pretreatment with tamoxifen over 5 years has been investigated in several trials [25] . Especially in patients with primary premenopausal status in whom 5 years of tamoxifen are indicated and who develop postmenopausal status under tamoxifen there seems to be a significant benefit [32] . Furthermore, patients with initially node-positive disease obviously do benefit from this extended endocrine treatment [25] . However, primary extension of endocrine therapy is rarely discussed by experts in postmenopausal patients due to the higher risk of recurrence within the first 5 years of tamoxifen in comparison to an aromatase inhibitor-containing treatment.
